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Dengue fever is an endemic disease in many tropical and subtropical regions. In 
Malaysia, it is the leading public health challenge despite the extensive intervention 
programs by the related authorities. Distribution of dengue cases in Malaysia varies 
according to states and districts where cases are more distinct in urban and suburban 
areas. Preparedness strategies of dengue cases could be more successful with some 
comprehensive and technical analysis on disease incidences. Hence, the present study 
analyses dengue cases using mathematical modelling in the state of Penang, one of the 
more urbanised state. In particular, two time series models are fitted to the dengue 
data from the region in order to identify the mathematical model that best describe 
the data. Results show that both proposed models are able to represent the cases 
rather well; however numerical inspection revealed that Double Exponential 
Smoothing method is the better choice. Subsequently, the identified model is used to 
make forecasting on the number of expected cases. Results show that dengue cases in 
Penang are expected to increase gradually.  
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1. Introduction 
 
Dengue is an endemic disease not only in Malaysia but in many tropical regions. Dengue viruses 
are spread to humans by means of the bites of infected female Aedes mosquitoes. According to WHO 
[1], worldwide, the occurrence of dengue cases is escalating, from 2.2 million in 2010 to 3.2 million 
cases in 2015. Similarly, Malaysia experiences an alarming rise of dengue cases, despite numerous 
efforts of prevention and control measures. Data from Malaysia i-Dengue Data Portal (see Figure1) 
indicated that the number of reported dengue cases for the period 1995-2015 [2] showed an 18-fold 
increase. Distributions of dengue cases in Malaysia vary considerably between states and districts 
where dengue cases are more pronounced in urban and suburban areas. This disparity is not a 
surprise since the distribution of dengue cases is shaped by factors such as urbanization, weather 
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condition and poor environmental hygiene. Furthermore, Malaysia’s tropical weather makes it 
conducive to dengue breeding. 
 
 
Fig. 1. Dengue Cases in Malaysia for 1995-2015 
 
 
Monitoring, curbing and prevention strategies of dengue cases could be more effective with the 
inclusion of some comprehensive analysis on the disease incidences. In general, analysis using 
mathematical modelling of infectious diseases such as the dengue fever helps in monitoring the 
dynamics of the disease [3-4]. Modelling not only examines the present scenario of the infectious 
diseases but anticipates the trend of future spread, which in turn, could be used to evaluate strategies 
for combating the diseases. Forecasting information may aid in managing the distribution of 
resources and forestalls outbreaks. Literature shows there are various approaches of mathematical 
modelling being carried out in Malaysia such as time series analysis [5], neural networks and 
nonlinear regression models [6]. 
The present study aims to use time series approach to analyse dengue cases in Penang, one of 
the most urbanised states. Although Penang is the second smallest state in Malaysia, the rate of 
dengue cases is quite disturbing (see Figure 2).  Coincidently, the first dengue being reported in 1902 
was in Penang [7]. Time series models are fitted to the state’s dengue data to determine the 
mathematical model that best represents the dengue incidences. Subsequently, the identified model 
is used to make forecasting on the number of expected cases.  
 
2. Model Development  
2.1 Data 
 
The region under study is the state of Penang, located on the northwest coast of Peninsular 
Malaysia. The state which comprises of the Penang Island and Seberang Perai on the mainland, is 
densely populated, sharing 2nd place with Putrajaya regarding population. Economically, Penang 
relies on manufacturing, with numerous multinational companies engaging in electronics, 
engineering and other technology-related activities are situated. Penang is also a popular tourist 
destination for both local and foreign travellers. Rapid urbanization in Penang seems to contribute 
to the rising rate of dengue cases (see Figure 3), with the cases for period 2010-2015 showed a 2-fold 
increase.  
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This study examined dengue cases using time series approach. Time series is a set of historical 
data arranged sequentially according to time. Past studies showed that time series forecasting has 
been used to analyse dengue cases in many affected regions [8-10]. In this study, two time series 
model namely Double Exponential Smoothing and Holt Winters’ method are fitted to the historical 
data. The performance of these two models are evaluated and compared, and subsequently, the best 
model is used to make forecasting. Seven years (2010 – 2016) of dengue data in the form of weekly 
data are obtained from the official Malaysia i-Dengue Data Portal, Ministry of Health Malaysia. 
Specifically, weekly data from week 8, 2010 to week 46, 2016 (351 weeks) are analysed. 
 
 
Fig. 2. Breakdown of dengue cases according to state for 2014 and 2015 
 
 
Fig. 3. Dengue Cases in Penang for 2010-2015 
 
2.2 Exponential Smoothing 
In Exponential smoothing [9] technique, an exponentially weighted average of past observations is 
used as a basis to make forecasting. The size of the weight assigned to each observation depends on 
the arrangement of data with regards to time. The biggest weight is allocated to the present 
observation while less weight is assigned to older data.  
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2.2.1 Double exponential smoothing 
Double exponential smoothing technique smooths out the data when a trend is present. Exponential 
smoothing with a pattern works much like simple smoothing apart from that two components must 
be updated every period - level and trend. The level is a smoothed estimate of the value of the data 
at the end of every period. The trend is a smoothed gauge of the estimation of average growth at the 
end of every period. The formula for simple exponential smoothing St is: 
 
St = α ∗ yt + (1 − α) ∗ (St−1 + bt−1), 0 < α < 1                    (1) 
 
where  bt = γ ∗ (St − St−1) + (1 − γ) ∗ bt−1 , 0 < γ < 1                   (2) 
 
Note that the present value of the series is used to calculate its smoothed value replacement in 
double exponential smoothing. There are numerous techniques to choose the initial values for St 
and bt. S1 is in general set to y1. 
Three recommendations for b1 
 
b1 = y2 − y1 
b1 = [(y2 − y1) + (y3 − y2) + (y4 − y3)]/3 
b1 = (yn − y1)/(n − 1) 
2.2.2 Holt-Winters Forecasting 
Holt’s method is used to manage time series when there are trend and seasonal variations. There 
are two forms in Holt-Winters method, multiplicative and additive, the utilization of which relies on 
the characteristics of the specific time series [8].  
 
The general forecast function for the multiplicative Holt-Winters method is: 
 
| = (
+)  l =1, 2,…        (3) 
 
where mn is the component of level, bn is the component of the slope, and cn-s+l is the relevant 
seasonal component, with s signifying the seasonal period (e.g. 12 for monthly data and 4 for 
quarterly data) 
 
Therefore if a monthly time series is considered, the one step ahead forecast is given by: 
 
 | = (
+)          (4) 
 
The updating formulae for the three components will each require a smoothing constant. If once 
again α0 is used as the parameter for the level and α1 for the slope, and a third constant α2, is added 
as the smoothing constant for the seasonal factor, the updating equations will be: 
             

 = 


+ (1 − )(
+)           (5) 
 
 = (
 −
) + (1 − )         (6) 
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+ (1 − )            (7) 
 
Once again, α0, α1, and α2 all lie between zero and one. If the aforementioned additive version of 
Holt-Winters was used, the seasonal factor is simply added as opposed to multiplied into the one 
step ahead forecast function, thus: 
 
| = 
++           (8) 
 
and the level and seasonal updating equations involve differences as opposed to ratios: 
 

 = ( − ) + (1 − )(
+)       (9) 
 
 = ( −
) + (1 − )                              (10) 
 
The slope component, bt, remains unchanged. Normally, the smoothing parameters are chosen 
between the range of 0.02 and 0.2. 
3. Results and Discussion  
The comparison between observed data of dengue cases and fitted data for both Double 
Exponential Smoothing and Winters’ Method are individually constructed in Figure 4 and 5 
respectively. The performance of both methods is very similar where both techniques are suitable 
for representing the dengue cases. Further comparison is conducted to determine the better model 
by using mean absolute percentage error (MAPE), mean absolute deviation (MAD) and mean squared 
deviation (MSD) (see Table 1). The lowest value (in bold) indicates the better model. The comparison 
results are consistent, suggesting that Double Exponential Smoothing is more suitable in representing 
dengue cases in Penang. Subsequently, Double Exponential Smoothing model is used to forecast for 
13 weeks of cases with the results shown in Table 2. The forecast results anticipate that dengue cases 
for Penang would slowly escalate for the next 13 weeks. 
 
  
Fig. 4. Double Exponential Smoothing Plot for Penang 
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Fig. 5. Winters’ Method Plot for Penang 
 
Table 1 
Numerical comparisons of both models 
Accuracy 
Measures 
Double Exponential 
Smoothing Method 
α (level)  0.2,  
γ (trend)  0.2 
Winters’ Method (Additive) 
α (level) 0.2,  
γ (trend) 0.2 
δ (seasonal)  0.2 
MAPE 
MAD 
MSD 
28.50 
10.23 
                 299.45 
  30.03 
  10.55 
310.96 
 
Table 2 
Forecasting result for week 47, 2016 to week 7, 2017 
Week Expected Cases 
  
1 126 
2 130 
3 134 
4 137 
5 141 
6 144 
7 148 
8 152 
9 155 
10 159 
11 163 
12 166 
13 170 
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4. Conclusion  
This study focuses on modelling dengue cases in Penang and make predictions on future cases 
base on the time series approach. Identifying the correct mathematical model is crucial and useful in 
understanding, predicting and guiding dengue control. Results show that both proposed model is 
able to capture the pattern of the dengue cases. Numerical comparison results also show that the 
values of all three criteria for both models are almost similar, nevertheless the better model is Double 
Exponential Smoothing. Forecasting of future dengue cases using the identified model reveal that for 
the next 13 weeks, dengue cases are expected to slowly increase (see Table 2).  
It should be noted that the work in this study is limited to the available data posted at the Ministry 
of Health website. Normally, data or information on dengue is limited to press statements and press 
releases to the general public issued by the Ministry of Health and also from the Minister of Health. 
Nevertheless, this study’s methodology and results could be used as a basis for providing public and 
clinical health authorities with the information needed to implement appropriate actions and 
efficient use of limited resources. 
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